The purpose of the presented study was to determine the fatty acid composition, health lipid indices content and selected micro and macronutrients in cow, sheep and goat milk and yogurts produced there of. Fatty acid composition was determined by the GC-FID method using a 100-m capillary column with CP Sil 88 phase. Microelements (iron, zinc, copper and manganese) and macroelements (magnesium and calcium) were analysed using flame atomic absorption spectrometry, whereas sodium and potassium were determined by the emission method. Phosphorus was analysed by the colorimetric method. The conducted study demonstrated that sheep, cow and goat milks and yogurts were characterized by different contents of fatty acids, micro-and macroelements. Sheep milk and yogurts could be regarded as richer sources of polyunsaturated fatty acids (PUFA), (4.41 and 4.35 % of total fatty acids, respectively), n-3 fatty acids (1.05 % of total fatty acids). These samples also had lower n6/n3 ratio (1.93 and 1.92, respectively) and the lowest value index of Thrombogenicity (TI) in comparison to the other analyzed milk and yogurt samples. In turn, goat milk and yogurts were characterized by the highest content of short-chain fatty acids (SCFA), (18.07 and 18.17 % of total fatty acids, respectively) the lowest content of saturated fatty acids (SFA), (54.62 and 54.93 %, respectively) and the lowest value index of Atherogenicity (AI) (2.79 and 2.84, respectively). Concentrations of all analyzed microand macroelements were significantly (P<0.05) higher in yogurts than in milk samples used for their production. Goat yogurts contained higher concentrations of copper, iron, and potassium compared to sheep and cow yogurts. In turn, sheep yogurts had more zinc, magnesium, calcium, and phosphorus than the other analyzed yogurt samples.
Introduction
Over the past few years, there has been a growing interest in functional food, often referred to as "health food", due to health claims attributed to such food. Functional food are food products containing ingredients positively affecting physiological processes which take place in the human body and lead to maintenance of optimum health and decreased risk of typical modern day diseases (Grajek et al., 2005) . Milk is recognized as an important source of energy, high-quality protein and essential minerals as well as vitamins. The quality of processed milk, which includes the content of nutritional ingredients and the possibility of increasing their bioavailability through fermentation, has direct influence on the high nutritional value of fermented milk drinks. In Poland, yogurt is among the most popular dairy products. It is characterized by high nutritional and dietary value. The popularity of yogurt is due to various health claims and therapeutic values (Goetsch et al., 2011 ; El-Abbadi et al., 2014).
The research on the effect of fatty acids on human health indicates that only few specific fatty acids are responsible for the negative consequences on consumer health (Simopoulos, 2002 ; Bernard et al., 2018). Diets rich in fatty acids, such as lauric (C12:0), myristic (C14:0) and palmitic acids (C16:0) are highly related to an increased risk of atherosclerosis, obesity and coronary heart diseases (Ulbricht and Southgate, 1991; Haug et al., 2007) . The unsaturated fatty acids (UFAs) are usually called 'healthy fats', especially for their impact on the level of cholesterol in blood (Haug et al., 2007; Arnould and Soyeurt, 2009 ). PUFAs show stronger decreasing effect of the cholesterol content than monounsaturated fatty acids (MUFAs) (Williams, 2000) . n-3 PUFA prevent heart disease and improve immune response. Oleic acid (C18:1) and linolenic acid (C18:3) have anticancer and antiatherogenic properties (Williams, 2000; Haug et al., 2007) . n-6 PUFA improvs sensitivity to insulin and thus reduces the incidence of type 2 diabetes (Arnould and Soyeurt, 2009). Conjugated linoleic acid cis9trans11 C18:2 (CLA) has health-positive properties including e.g. anticarcinogenic, antiatherosclerotic, antioxidative and anti-inflammatory effects (Akalln and Tokusoglu, 2003 ; Parodi, 1997 Parodi, , 2003 Aydin, 2005; Park, 2009; Kee et al., 2010) . Trans-vaccenic acid, the main trans-C18:1 isomer in milk fat, has anticancer and antiatherosclerotic effects (Lim et al., 2014) .
Cow milk is most commonly used to make yogurt, but milk from goats and sheep is also used. Sheep and goat milk is of high nutritional value. The milk of these animals is characterized by a smaller diameter of fat globules than milk of cows and contains more short-chain and polyunsaturated fatty acids (Park et al., 2007) . As a result, goat and sheep milk is digested faster than cow milk. Sheep and goat milk and their derivative products can be recommended to people allergic to cow milk (Albenzio et al., 2016) . In the assessment of the quality of milk and dairy products, it is important to define the profile of fatty acids and mineral content.
The aim of the study was to determine the fatty acid composition and health lipid indices content and selected micro and macronutrients in cow, sheep and goat milk and yogurts produced of them.
Material and methods

Experimental material
Samples of raw cow, sheep and goat milk were obtained from individual farms located in the Warmia and Mazury voivodeship, and were used for yogurt production. The yogurts were produced with the thermostat method according to the following technological scheme: cow, sheep and goat raw milk was heated to the temperature of 45 °C, centrifuged and degassed (80 kPa; 60 °C), subjected to HTST pasteurization (72 °C/15 s) (pasteurizer ALFA-LAWAL P20-HB, Sweden), and cooled to the temperature of 6 °C. Afterwards, the milk fat content was standardized to 2±0.1 %. The normalized milk was then subjected to two-stage homogenization (18/5 MPa, temperature 65 °C) (homogenizer CN003, Spomasz Bełżyce, Poland) and long-term VHT pasteurization (90 °C/5 min) (pasteurizer AL-FA-LAWAL P20-HB, Sweden). After cooling to the temperature of 45 °C, the milks were inoculated with starter culture Chr. Hansen F-DVS YoFlex ® Premium 2.0 DVS (Chr. Hansen, Denmark), containing Streptococcus thermophilus and Lactobacillus delbrueckii subsp. bulgaricus. The prepared vaccine (pre-incubated for 2 hours in 45 °C) was added in the amount of 1 mL per 1 litre of milk. The yogurts were transferred into unitary packages and left to ripen in thermostats (Binder GF115 Tuttingen, Germany) at a temperature of 43.5 °C until they have reached pH 4.6.
For every milk type two production processes were carried out. Every time, two samples of yogurts from each batch were collected for analyses. All analyses were conducted in two parallel replications.
Analytical methods.
Lipid content
The fat content in milk and yogurts was determined with instrumental method using the MilcoScan apparatus (Foss, Denmark).
Lipid extraction
The fat of the milk was extracted according to the Roese-Gottlieb's method (PN-EN ISO 1211:2011).
The fat of the yogurts was extracted according to the Folch's method (C hristie, 1973).
Preparation of fatty acid methyl esters
Fatty acid methyl esters were prepared according to the IDF method using a methanolic solution of KOH (ISO 15884:2002).
Gas chromatography (GC) analysis
The composition of fatty acids was determined applying the method of gas chromatography with the help of Hewlett Packard 6890 GC System (Műnster, Germany) with a flame ionization detector (FID), in 100 m capillary column (produced by Chrompack, Middelburg, the Netherlands) with CP Sil 88 phase. The column diameter was 0.25 mm, the film was 0.20 μm thick. The determinations were carried out in the following conditions: column temperature from 60 °C (for 1 min) to 180 °C, Δt =5 °C/min, detector temperature 250 °C, injector temperature 225 °C, carrier gas helium, gas flow 1.5 mL/min. Sample injection volume was 0.4 μL (split: 50:1). Identification of fatty acids was carried out based on the comparison of their retention time with the retention time of methyl esters of fatty acids of reference milk fat (BCR Reference Materials) of CRM 164 symbol. The positional trans isomers of C18:1 were identified using the standards of methyl esters of these isomers (trans6, Supelco and trans9 and trans11, Sigma-Aldrich), whereas the trans isomers of C18:2 acid (cis,trans and trans,cis) were identified with the use of a mixture of standards of C18:2 isomers (Supelco). The cis9trans11 CLA isomer was identified using a mixture of CLA methyl esters (Sigma-Aldrich). The percentage content of fatty acids was calculated in reference to the total fatty acid composition (% mass fraction).
The Lipid Quality Indexes were calculated according to the fatty acids composition using the following formulae ( 
Mineral analysis
For the determination of minerals, samples of milk and yogurts were dried at 105 °C to achieve constant weight. Afterwards, the samples were carbonized and incinerated in 480 °C in a matter of several hours. After obtaining white ash it was dissolved in 1 M HNO 3 , (Suprapur-Merck, Darmstadt, Germany) and transferred with deionized water into a volumetric flask of volume 25 mL. The content of copper (Cu -324.8 nm), iron (Fe -248.3 nm), zinc (Zn -213.9 nm), magnesium (Mg -285.2) and calcium (Ca -422.7 nm) was determined with the application of the Flame Atomic Absorption Spectrometry (FAAS) For this purpose iCE 3000 Series atomic absorption spectrometer (Thermo Scientific, USA) equipped with GLITE data station, deuterium background correction and various cathodic lamps was used. Lanthanum chloride (0.5 % La 3+ ) was added to every sample in calcium (Whiteside and Miner, 1984) . The content of sodium (Na -589 nm) and potassium (K -766.5 nm) was determined by Atomic Emission Spectrometry (AES) with acetylene -air flame used the same spectrometer, whereas working in emission mode (Whiteside and Miner, 1984) .
Phosphorus (P -610 nm) was determined using colorimetric method with ammonium molybdate(VI), sodium sulphate(IV) and hydroquinone. Spectrophotometer VIS 6000 (KRÜSS -OPTRONIC, Germany) was used for absorbance measurements.
Statistical analysis
The statistical analysis was carried out using STATISTICA ver.13.1 software. To calculate the significance of differences, the one-way analysis of variance (ANOVA) was used at a significance level of α=0.05. Differences between mean values were evaluated with the Duncan's test.
Results and discussion
Sheep milk was characterized by the highest fat content, reaching 5.0 %. In cow milk, the content of fat was 3.8 % and in goat milk -3.1 %. The content of fat in the produced yogurts was around 2.0 % ( Table 1) 2018) reported that diets rich in n-3, such as pasture and diets supplemented with plant oilseeds (linseed, rapeseed) have major effects on decreasing saturated fatty acids (SFA) and increasing unsaturated fatty acids (UFA) in milk fat, yielding potential positive effects on human health, compared to indoors diets. The results presented in Table 2 indicate that saturated fatty acids (SFA) were dominant in fat extracted from cow, sheep and goat milks and yogurts. The content of these acids in cow milk fat reached 61.68 % of the total fatty acids. Significantly lower (P<0.05) contents of these acids were found in sheep and goat milk. In all yogurts, the content of SFAs was similar to their content in milks used for yogurt production ( Table  2) . Considering this group of fatty acids, in both milk fat and fat extracted from the produced yogurts, the highest contents were found of palmitic acid (C16:0) and stearic acid (C18:0). Palmitic acid content in cow milk accounted for 30.97 % of total fatty acids, whereas in cow yogurts -for 31.44 %. A significantly lower (P<0.05) contents of this fatty acid were found in sheep and goat milks and yogurts ( Table 1 ). The highest content of stearic acid was found in sheep milk and sheep yogurts, while cow and goat milk and yogurts were characterized by a significantly lower (P<0.05) content of this acid (Table 1) . Goat milk and goat yogurts had significantly higher (P<0.05) content of SCFAs than cow and sheep milks and yogurts ( Table 2 ). The content of SCFAs in goat milk and goat yogurts exceeded 18% of the total fatty acids. In sheep milk and sheep yogurts SCFA content exceeded 14 % and in cow milk and cow yogurts it reached 10.81 % and 10.13 %, respectively. Short-chain fatty acids are important to promote human health. They possess specific properties associated to important physiological functions, among them beneficial effect of C4:0 on the intestinal flora, anti-inflammatory activity and as a factor preventing progression of colorectal cancer and mammary cancer (Hanuš et al., 2018; Gómez-C ortés et al., 2018). Among the SCFAs, C10:0 acid was a predominating fatty acid. In goat milk and goat yogurts the content exceeded 10 % of total fatty acids. The content of C10:0 acid in sheep and cow milk and yogurts was significantly lower (P<0.05). In sheep milk it was 6.92 % and in sheep yogurts 6.89 %. In cow milk and cow yogurts, C10:0 content was below 4 % of the total fatty acids ( Table 1 ). The contents of MUFAs in goat and cow milks and yogurts were similar. A significantly lower (P<0.05) content of these acids was found in sheep milk and sheep yogurts. In all analysed samples of milk and yogurts, oleic acid (C18:1 cis9) was the most dominant acid of the MUFA group ( Table  1) . This acid is important from a nutritional point of view since it has anti-cancer and anti-atherogenic properties (Hanuš et al., 2018) . A significantly higher content (P<0.05) of this acid was found in goat milk and yoghurts than in sheep and cow milk and yoghurts (Table 1) .
The study showed that goat milk contained significantly lower (P<0.05) amounts of PUFAs than cow and sheep milk ( Table 2 ). The highest content of this group of acids, i.e. 4.35 % of total fatty acids, was found in sheep yogurts. The contents of PUFAs in cow yogurts and goat yogurts were significantly lower (P<0.05) and reached 3.22 % and 2.88 % of total fatty acids, respectively. Sheep milk and sheep yogurts were characterized by a significantly higher (P<0.05) content of n-3 acids in comparison to goat and cow milks. The content of n-3 PUFAs in yogurts did not differ from that determined in milk used for their production ( Table 2) . Sheep milk was characterized by significantly higher contents of n-6 PUFAs compared to goat milk. There were no significant differences in contents of these acids in milk and yogurts made from it. Sheep milk and sheep yogurts had a significantly lower ratio of n-6/n-3 acids than cow and goat milks and yogurts. Markiewicz-Kęszycka et al. (2013) stated that n-6/n-3 ratio in sheep milk was 2.31, in goat milk -5.00, and in cow milk -6.01. According to Pajor et al. (2009) n-6/n-3 ratio in goat milk from indoor feeding was 6.10 and 3.44 in goat milk from grazed feeding. The n-6/n-3 ratios optimal for the overall health are closer to 1:1 or 2:1 (Simopoulos, 2006; Williams et al., 2011) . Adequate intakes of both, n-6 and n-3 fatty acids, are essential for good health and low rates of cardiovascular disease and type 2 diabetes (Holub and Holub, 2004; Willett, 2007; Simopoulos, 2008) . Excessive amounts of n-6 PUFAs and a very high n-6/n-3 ratio, as is found in today's Western diets, promote the pathogenesis of many diseases, including cardiovascular disease, cancer, and inflammatory and autoimmune diseases, whereas increased levels of n-3 PUFAs (a lower n-6/n-3 ratio), exert suppressive effects. In the secondary prevention of cardiovascular disease, a ratio of 4/1 was associated with a 70 % decrease in total mortality in people. The lower omega-6/ omega-3 ratio in women with breast cancer was associated with decreased risk. A ratio of 2-3/1 suppressed inflammation in patients with rheumatoid arthritis, and a ratio of 5/1 had a beneficial effect on patients with asthma, whereas a ratio of 10/1 had adverse consequences (Simopoulos, 2008). Studies indicate that the optimal ratio may vary with the disease under consideration (de Lorgeril et al., 1994; Russo, 2009; Simopoulos, 2006 Simopoulos, , 2008 . This is consistent with the fact that chronic diseases are multigene and multifactorial. Therefore, it is quite possible that the therapeutic dose of omega-3 fatty acids will depend on the degree of severity of the disease resulting from the genetic predisposition.
Study results showed that the analysed milks were characterized by a similar content of conjugated linoleic acid cis9trans11 C18:2 (CLA) ( Table  1 ). The content of this acid in cow and goat yogurts did not differ from its contents determined in fat from respective milks they were made from. In sheep yogurts, the content of CLA was significantly lower (P<0.05) than in milk. According to literature data, the level of CLA in milk fat depends mainly on the feeding period, but also on lactation period, breed, and individual determinants of animals The study showed also that the content of desirable hypocholesterolemic fatty acids (DFAs) was the highest in sheep milk and sheep yogurts. Their significantly lower (P<0.05) contents were found in cow and goat milks as well as in cow and goat yogurts (Table 2) Table 2 shows that goat milk and goat yogurts were characterized by the lowest content of fatty acids with undesired hypercholesterolemic effect (OFA) and it was 45.60 %, respectively 45.82 %. Significantly higher (P<0.05) contents of OFAs were found in cow milk and cow yogurts (53.67 % and 54.67 %, respectively) (Table 2.)
In an attempt to consider the different effects of various fatty acids, Ulbricht and Southgate (1991) proposed two indices that might better characterize the atherogenic and thrombogenic tABle 1. Fatty acid composition of milk fat and fat of produced yogurts (% of total fatty acids) potential of the diet than simple approaches such as the PUFA/SFA ratio. The atherogenic index (AI) and thrombogenic index (TI) take into account the different effects that single FAs might have on the human health and, in particular, on the probability of increasing the incidence of pathogenic phenomena, such as atheroma and/or thrombus formation. Thus, the higher the AI, the more atherogenic dietary components are. The low AI indicates that milk and milk products could provide protection against coronary heart diseases. In the present study (Table 2) , the AI value in goat milk was 2.79, and was significantly lower (P<0.05) than in sheep milk (2.95) and in cow milk (3.31). In the analyzed yogurts, the values of AI were similar to those determined in milk used for their production. TI index value was the lowest in sheep milk and yogurts. Its significantly lower (P<0.05) values were found in goat and cow milk and yogurts ( Table  2. ). Different values of AI and TI in sheep, cow and goat milk were given by Markiewicz-Kęszycka et al. (2013) . According to research by Kuczyńska et al. (2012) and Pilarczyk et al. (2015) , the values of AI and TI in cow milk depend on the breed of cows. In turn, Kiczorowska et al. (2017) claim that the AI and TI values in cow milk can vary greatly depending on the diet of cows. According to Sinanoglou et al. (2015) , the value of the AI and TI indexes in sheep milk depend on the breed and the period of lactation. Values obtained by these authors for milk of Greek sheep of the breed Karagouniko and Chios were lower than those obtained in our research. C ossignani et al. (2014) reported that the AI value in goat milk was 2.9, in fresh cheese samples was 2.7, and in semi-hard cheese samples was 2.4. For nutritional evaluation of milk fat the ratio hypocholesterolaemic/hypercholesterolaemic fatty acids (H/H) was calculated. The H/H ratio is related to the functional activity of fatty acids in the metabolism of lipoproteins for plasma cholesterol transport and to the risk of cardiovascular disease. Higher values of this ratio are desirable (Santos-Silva et al., 2002). In the presented study the lowest values of this ratio were found in cow milk and cow yogurts (0.44). Significantly higher (P<0.05) H/H content was found in sheep and goat milk (0.56 and 0.58, respectively) as well as in yogurts made from them ( Table 2 ). The hypocholesterolaemic/hypercholesterolaemic (H/H) ratio of raw milk from two sheep breed (Karagouniko and Chios) at three stages of lactation ranged from 0.50 to 0.68 in all samples examined by Sinanoglou et al. (2015) . According to Kiczorowska et al. (2017) , H/H ratio in cow milk ranged from 0.37 in milk from an intensive cow feeding system to 0.48 in milk from an intensive cow feeding system with supplementation of eubiotic formulations.
Results presented in Table 3 demonstrate various concentrations of macro-and microelements in the analyzed cow, sheep and goat milks and yogurts. According to literature data (Park and Chukwu, 1989; Al-Webel, 2008; Zamberlin et al., 2012) , the concentrations of minerals in milk may not fluctuate much, they vary depending on the species of animals, breed, diet, individual animal, stage of lactation, and status of udder health. Analyses conducted in our study showed similar levels of copper (Cu) and iron (Fe) in the analysed milk samples (Table 3 ). In yogurts, concentrations of these elements were significantly (P<0.05) higher than in milks they were made from. The highest concentrations of copper (0.015 mg/100 g) and iron (0.075 mg/100 g) were determined in yogurts manufactured from goat milk. In turn, zinc (Zn) concentration in sheep and goat milks was similar and reached 0.521 mg/100 g and 0.489 mg/100 g, respectively (Table 3) . A significantly (P<0.05) lower concentration of Zn (0.402 mg/100 g) was found in cow milk. As reported by Park et al. (2007) , Zn concentration reached 0.53 mg/100 g in cow milk, 0.56 mg/100 g in goat milk, and 0.57 mg/100 g in sheep milk. In turn, in a study conducted by C eballos et al. (2009) Zn levels in goat and cow milks accounted for 0.528 mg/100 g milk and 0.463 mg/100 g milk, respectively. Results collated in Table 3 demonstrate that zinc concentration in all analysed yogurts was significantly higher than in milks they were made from. Concentrations of magnesium (Mg) and calcium (Ca) were significantly (P<0.05) lower in goat and cow milks and yogurts compared to sheep milk and sheep milk yogurts (Table 3 ). Higher concentrations of calcium and magnesium in sheep milk than in goat and cow milk were also reported by Park et. al. (2007) . Furthermore, cow and sheep milks were characterized by similar concentrations of sodium (Na) ( Table 3) , while in goat milk its concentration was significantly (P<0.05) lower. In all analysed yogurts, sodium concentration was significantly (P<0.05) higher than in respective milks they were made from (Table 3 ). Our study demonstrated that the analysed milk samples had significantly (P < 0.05) different concentrations of potassium (K) and phosphorus (P). Their concentrations were significantly higher in yogurt samples than in milk samples. The best source of potassium turned were goat yogurts (248.62 mg/100 g), while its concentrations in cow and sheep yogurts reached 209.49 mg/100 g and 194.41 mg/100 g, respectively. In turn, sheep yogurts had the highest concentration of phosphorus (186.8 mg/100 g).
Conclusions
The conducted study demonstrated that sheep, cow, and goat milks and yogurts were characterized by various contents of fatty acids as well as micro-and macroelements.
Sheep milk and yogurts turned out to be richer sources of PUFAs, n-3 fatty acids, had a lower n6/ n3 ratio and the lowest TI index value, compared to the other analysed milk and yogurt samples. In turn, goat milk and yogurts were characterized by the highest content of SCFAs, the lowest content of SFAs, and the lowest AI index value.
Concentrations of all analysed micro-and macroelements were significantly (P<0.05) higher in yogurts than in milk used for their production. Goat yogurts turned out to be better sources of copper, iron, and potassium compared to sheep and cow yogurts. In turn, sheep yogurts had more zinc, magnesium, calcium, and phosphorus than the other analysed yogurt samples.
Results of this study allow concluding that sheep, cow and goat milks and yogurts are characterized by various health-promoting values and therefore their inclusion into a diet is recommended.
Zdravstvena vrijednost kravljeg, ovčjeg i kozjeg mlijeka i jogurta
Sažetak
Svrha ovog rada bila je odrediti sastav masnih kiselina te lipida s povoljnim zdravstvenim učincima kao i odabranih mikro-i makroelemenata u kravljem, ovčjem i kozjem mlijeku i jogurtu. Sastav masnih kiselina određivan je GC-FID metodom pomoću 100-m kapilarne kolone s CP Sil 88 fazom. Makroelementi (željezo, cink, bakar i mangan) i mikroelementi (magnezij i kalcij) određivani su primjenom plamene atomske apsorpcijske spektrometrije, dok su natrij i kalij određivani emisijskom metodom. Udio fosfora određen je kolorimetrijskom metodom. Ovo istraživanje pokazalo je da ovčje, kravlje i kozje mlijeko te jogurti sadrže različite količine masnih kiselina, mikro-i makroelemenata. Ovčje mlijeko i jogurt su se pokazali boljim izvorom višestruko nezasićenih masnih kiselina (PUFA) (4,41 odnosno 4,35 % ukupnih masnih kiselina) i n-3 masnih kiselina (1,05 % ukupnih masnih kiselina). U usporedbi s ostalim uzorcima mlijeka i jogurta, ovi uzorci također su imali manji omjer n6/n3 masnih kiselina (1,93, odnosno 1,92) kao i najniži indeks trombogenosti (TI). S druge strane kozje mlijeko i jogurt sadržavali su najviše koncentracije kratkolančanih masnih kiselina (SCFA), (18,07 odnosno 18,17 % ukupnih masnih kiselina), najniže koncentracije zasićenih masnih kiselina (SFA), (54,62 odnosno 54,93 %, ukupnih masnih kiselina) i najniži indeks aterogenosti (AI) (2,79 odnosno 2,84). Koncentracije svih određivanih mikro-i makroelemenata bile su značajno (P<0,05) više u jogurtu nego u mlijeku. Kozji jogurt sadržavao je više koncentracije bakra, željeza i kalija u odnosu na ovčji i kravlji jogurt. S druge strane, ovčji jogurt je sadržavao više cinka, magnezija, kalcija i fosfora u odnosu na ostale vrste analiziranih jogurta.
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